In the last decade autologous chondrocyte implantation (ACI) has emerged as a viable and effective treatment for injury to articular cartilage with encouraging short-term results in regard to patient satisfaction and standard knee scores. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Peterson et al 13, 14 and Brittberg et al 15 have shown that these favourable results are maintained at medium-term follow-up and biopsies have shown the development of predominantly hyaline cartilage within the first 12 months. [8] [9] [10] 13, 16 Nevertheless, adverse effects such as effusions, adhesions, synovitis and 'graft hypertrophy' may occur which may require reoperation. 3, 4, 11, 12 Our aim was to assess patients who have required further operation following ACI and to describe the surgical findings, procedures required, the clinical outcome and the results of biopsy.
Patients and Methods
Between November 2000 and November 2002, the senior author (IH) carried out autologous cartilage implantation for defects of the articular cartilage of the knee of grades 3 to 4 in 135 patients (181 lesions). This was done in two stages, as described by Peterson et al. 14 Of these 135 patients, 22 (16%) underwent reoperation (21 arthroscopic and one open) allowing us to assess 31 (17%) grafted lesions. The mean age of the patients was 40 years (22 to 63) (Table I) and reoperations were performed at a mean of 10.5 months after the initial procedure (6 to 17). There were 15 men and seven women (14 left and eight right knees) and the mean size of the lesion was 3.3 cm 2 . All the lesions were on the femur except for two which were on the patella. We reviewed the patients' records to identify the symptoms, operative findings and procedures performed, and to assess the visual evidence for repair and the clinical outcome. The ICRS cartilage repair assessment form 7 was used for visual grading at the second look. We took core biopsies from the surface through to the subchondral bone from the central portion and also at the margin with adjacent articular cartilage, using a Giebel needle (Karl Storz GmbH, Tuttlingen, Germany) of 2 mm diameter. Patellar lesions were not biopsied because of difficulty in angling the needle at arthroscopy. Specimens were fixed with Ruthenium Red/osmium and embedded in Epon-Araldite. Sections 2 µm in size were made before staining with Toluidine Blue.
Clinical outcome was measured by the International Knee Documentation Committee (IKDC) subjective assessment and objective examination forms. These were routinely completed before surgery and at 3, 6, 9, and 12 months afterwards. The clinical outcome after the reoperation was also assessed at the latest follow-up.
Thirteen patients had painless clicking or catching, five had painful clicking or catching, and three had knee pain only. One asymptomatic patient consented to second-look arthroscopy in conjunction with the removal of a staple from his previous high tibial osteotomy. In those with painless mechanical symptoms, there were no other remarkable findings on physical examination.
Results
At arthroscopy, we observed that periosteal patches were lifting off (24/31) which initially gave the impression of a protuberant graft (Fig. 1) . In two cases, half of the patch was detached and half remained attached but protruding. Removal of the patch by careful arthroscopic shaving revealed good fill of the underlying neocartilage with minimal overgrowth. Most of the protuberance seemed to be due to the loosened patches since the underlying neocartilage had grown to fill the defect completely.
Of the five patients who complained of pain with mechanical symptoms, this was associated with concurrent knee pathology in three. One had a trochlear ACI and complained of medial pain at ten months. Arthroscopy revealed a new grade-III lesion of the medial femoral condyle. One with a graft of the medial femoral condyle complained of 'catching' associated with patellofemoral pain. MRI confirmed the presence of a grade-IV lesion of the trochlear cartilage for which cells were harvested at the second operation for later ACI. The third patient was a 63-year-old man who presented initially with predominantly patellofemoral symptoms and a discrete trochlear lesion but with evidence of degeneration of the medial compartment. He was particularly insistent on having ACI but, in retrospect, was not a suitable candidate. Seven months after ACI to the trochlea he developed medial pain and arthroscopy confirmed degeneration of the medial compartment of grade III to grade IV. Although he had good immediate relief from pain, he subsequently underwent knee replacement one year later. In two patients pain was attributed to the graft. One had had grafts to both the trochlea and medial femoral condyle, and the other had had a solitary trochlear graft. Arthroscopies revealed that the periosteal patches were Arthroscopic appearance of ACI to the medial femoral condyle. a) before and b) nine-months after ACI. loose and protruding from the surface. They were carefully shaved. Except for the patient with progressive arthritis, all five patients were free from pain at the last review. Three patients complained of knee pain without mechanical symptoms. In two this was attributed to other disorders; one had suffered a further injury sustaining a tear of the medial meniscus nine months after ACI. At arthroscopy the tear in the anterior horn was resected together with a loose periosteal patch. Another patient developed a new chondral lesion of the medial femoral condyle which was treated by ACI in the only open second-look procedure. The site of the graft had good fill and no protuberance. The third patient complained of medial pain 17 months after ACI. MRI at ten months had shown subchondral bone oedema deep to the graft and arthroscopy revealed a loose patch. All three patients reported marked relief from pain within two weeks of reoperation and were free from pain at the last review.
The periosteal patches were identified by their glistening, fibrous appearance overlying the previous defects (Fig. 2a) . In some cases, they showed surface blood vessels (Fig. 2b) , which we did not appreciate on the histological sections. These appear to originate from the surrounding synovium as it has only been seen with lesions abutting synovial reflection with suture of the periosteal patch to the synovium. Although the exact role of the periosteal patch is yet undetermined, we feel that it functions primarily as a cap to seal in the grafted cells. Lastly, no synovitis or fibrous adhesions were noted.
Visual scoring at arthroscopy (Table II) gave a mean total score of 9.9, and 97% of knees had normal or nearly normal ratings. The single abnormal score was in the patient with medial arthritic degeneration. Biopsies were performed as the last step, after shaving or removal of a patch. All 20 biopsy specimens showed good integration with subchondral bone. Hyaline articular cartilage with the characteristic zone pattern of articular cartilage was found in seven grafts (35%). These showed a homogenous hyaline matrix with rounded chondrocytes contained in typical lacunae (Fig. 3) . Hyaline-like cartilage was found in five (25%), showing greater cell density in the deeper zones. In some specimens, periosteal elements were seen in the superficial layers (Fig. 4) . Mixed fibro-and hyaline cartilage was observed in four grafts (20%); these demonstrated a fibrocartilaginous superficial zone with a deeper hyaline-like component. The deep hyaline-like zones ended with a tidemark and a layer of calcified cartilage similar to normal articular cartilage. In biopsies at the margin of the graft, there was excellent integration with adjacent normal cartilage (Fig. 5) . Definite fibrocartilage was seen in four grafts (20%).
At the time of the second look, at a mean of 10.5 months from the ACI, 15 of the patients (68%) reported subjective improvement (Table III) ; seven (31.8%) had normal IKDC knee examination scores while 11 (50%) were classed as nearly normal because of a mild effusion. Abnormal knee scores were recorded in four, in three because of a moderate effusion and in one as a result of residual knee laxity from the original injury.
Discussion
Autologous chondrocyte implantation is a relatively new treatment for defects of articular cartilage. Adverse phenomena relating to it may not yet be fully appreciated and patients need to be properly advised and informed about what to expect when undergoing this treatment. Clinically significant events, some needing revision procedures, have been mentioned briefly in some studies including post-operative effusion, adhesions, arthrofibrosis, synovitis, hypertrophy of the periosteal patch and loosening of the graft Arthroscopic appearance of the periosteal patch. a) Femoral condyle graft 12 months from ACI. The periosteum appears as a glistening, fibrous superficial layer. b) Trochlear graft ten months after ACI. The periosteal patch appears to be synovalised with some visible blood vessels. * LP -loosened/lifted off periosteal patch; DP -detached periosteal patch; NG -normal looking graft † PR -Patch removal; MFC -medial femoral condyle; medial meniscus ‡ NB -not biopsied complex. 3, 4, 11, 12 In our series of reoperated patients, 12 (55%) still had an effusion at six months after ACI. Larger effusions were found with patellofemoral lesions. The reported incidence of adhesion ranges from 4.8% to 19.6%. 6, 8, 11, 14 Hart and Paddle-Ledinek 8 noted adhesions in 11 patients, ten of whom had lesions affecting the patella. Mandelbaum 11 reported synovitis in 2% of his patients. Hypertrophic growth has been described in between 2.4% and 20% of cases, 6, 11, 17, 18 while the overall need for further surgery as recorded in the literature ranges from 5.1% to 37%. 2, 4, 11, 14, 17, 18 It is not always clear from these studies what constitutes an indication for re-exploration; some have included purely diagnostic arthroscopies. In our series, troublesome mechanical symptoms necessitated arthroscopy in 18 patients, two of whom had graftrelated pain. Three patients had reoperation because of pain alone, but in two this was unconnected with the chondral graft. Thus, only 19 of 135 patients (14%) had further surgery for problems related to the graft which were, mainly mechanical symptoms. 18 Peterson et al 14 reported what he termed 'periosteal hypertrophy' in 26 patients but only seven (13%) produced clinical symptoms. They attributed this to frictional stimulation of the overlying periosteum, particularly six to 12 months after implantation. Minas 17, 18 noted that 20% of patients treated by ACI needed an arthroscopy for periosteal hypertrophy which presented as painful 'catching' or an effusion developing at four to nine months after surgery. In both studies, arthroscopic chondroplasty was followed by symptomatic relief.
As reported by Richardson et al 19 "the role of the periosteum requires clarification as to whether it is simply a mechanical restraint for the grafted chondrocytes or whether it provides factors and/or cells which may influence the repair process". Some authors have been unable to show any enhancing effect of periosteum on cell proliferation and cell numbers in chondrocyte cultures. 20 We believe that the prominence of the periosteal patch does not reflect a true hypertrophy of periosteum but rather the mechanical extrusion of the periosteal patch brought on by growth of the underlying neocartilage.
The mean score for the appearance of incorporation in our series is similar to that of other studies. 1, 8, 9, 14 Of the three parameters assessed by the ICRS scoring system, filling of the depth of the defect was the most consistent (mean score 3.7 out of 4), as has been reported by others. 10, 14, 16, 21, 22 The results of the biopsy showed hyaline or hyaline-like cartilage in 60%, mixed fibrohyaline cartilage in 20%, and definite fibrocartilage in 20%. All four fibrocartilage biopsies were from trochlear lesions and were graded A or B, according to the categories of IKDC. One graft described as fibrocartilage on the specimen, was rated as abnormal on arthroscopic visualisation; the rest were graded nearly normal. This suggests that visual grading is of limited use since, by itself, it does not differentiate the type of repair tissue formed. If supplemented with quantitative probing or indentometry, arthroscopic visualisation may give information which approaches the usefulness of core biopsy.
In the first 12 months after ACI we have not seen adhesions, synovitis or arthrofibrosis. Effusion was common but bothersome mechanical symptoms were the principal adverse sequelae, bringing 13% of cases to repeat operation. We attribute these to periosteal extrusion rather than periosteal or graft hypertrophy. While we do not recommend routine arthroscopy at one year, arthroscopic debridement reliably resolved these mechanical symptoms. These were usually painless. When pain was present, it was usually associated with different pathology. Arthroscopic shaving and biopsy did not adversely affect the clinical outcome in the short term since the patients' knee scores continued to improve up to 14 months after reoperation.
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